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Patentee hereby requests issuance of a Certificate of Correction in U.S. Letters 
Patent No. 7,106,758 as specified on the attached Certificate (Form PTO/SB/44). Please 
find enclosed documentation supporting errors identified in the above noted patent, 
referred to here in as Exhibits A and B. 

Exhibit A is a copy of an Amendment and Response and a signed Certificate of 
Transmission indicating the Response was submitted to the U.S. Patent & Trademark 
Office on February 23, 2006. Exhibit B is a copy of columns 13 to 20 of the issued 
patent. 

With respect to the errors in claim 5 of the issued patent, claim 5 as allowed in 
Exhibit A does not call for "arid a minority count" as recited in line 62 and in line 63 of 
column 13 of the issued patent in Exhibit B. As presented in Exhibit A, claim 5 calls for, 
inter alia, "wherein determining a majority count and a minority count over four time 
periods comprises determining a majority count and a minority count" ( emphasis added ). 
These errors (as identified) in claim 5 of the issued patent constitute an Office error and, 
as such, do not introduce new matter. 

With respect to the errors in claim 36 of the issued patent, claim 36 as allowed in 
Exhibit A (originally filed as claim 38; renumbered as claim 36 by the Office prior to 
issue) does not recite the phrase "the microcontroller reads the majority and minority 
counts overtime periods" as recited in lines 5 to 8 of column 17 of the issued patent in 
Exhibit B. As presented in Exhibit A, claim 36 (as allowed) calls for, inter alia, "the 
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microcontroller uses the majority and minority counts over time periods " ( emphasis 
added ). These errors (as identified) in claim 36 of the issued patent constitute an Office 
error and, as such, do not introduce new matter. 

With respect to the errors in claim 52 of the issued patent, claim 52 as allowed in 
Exhibit A (originally filed as claim 55; renumbered as claim 52 by the Office prior to 
issue) does not recite "selecting die control" and "of the plurality or time" as recited in 
line 55 and line 57 of column 18 of the issued patent in Exhibit B, respectively. As 
presented in Exhibit A, claim 52 (as allowed) calls for, inter alia, "selecting the control 
value for the longest of the plurality of time periods unless one of the control values of 
the other of the plurality of time periods" ( emphasis added ). These errors (as identified) 
in claim 52 of the issued patent constitute an Office error and, as such, do not introduce 
new matter. 

Patentee believes these corrections as specified are necessary due to the 
aforementioned Office errors and therefore does not believe that any fee is due for 
issuance of a Certificate of Correction for this patent. However, if deemed necessary, the 
Office is authorized to charge any additional fees found due to Deposit Account No. 
502432. Please contact the undersigned if you have any questions. 

Respectfully submitted, 

Date: October 25, 2008 /David N. Fogg/ 

David N. Fogg 
Reg. No. 35,138 

Attorneys for Patentee 
Fogg & Powers LLC 
P.O. Box 581339 
Minneapolis, MN 55458-1339 
T- (612) 332-4720 
F- (612) 332-4731 
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It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 



At Claim 5, Column 13, line 61, replace the first occurrence of "arid" with --and--; at line 62, replace the first occurrence of 
"arid" with ~and- 



At Claim 36, Column 17, Lines 5 to 8, replace the phrase "the microcontroller reads the majority and minority counts 
overtime periods" with the phrase --the microcontroller uses the majority and minority counts over time periods- 

At Claim 52, Column 18, Line 54, replace the first occurrence of "die" with -the-; at line 57, replace the first occurrence of 
"or" with -of- 
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Applicants have reviewed the Final Office Action mailed on November 28, 2005. Please 
amend the above-identified application as follows. 

Amendments to the Claims are reflected in the listing of claims that begins on page 2 of this 
paper. 

Remarks begin on page 13 of this paper. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions and listings of claims in the application: 



Listing of claims: 

1 . (Original) A method for synchronizing a service clock at a destination node with a 
service clock at a source node for circuit emulation service over a packet network, the method 
comprising: 

receiving data packets from a source node at at least one port of the destination node; 

at the destination node, removing from the data packets residual time stamp (RTS) values 
that were created at the source node based on at least the service clock at the source node; 

determining a majority count and a minority count, based on the RTS values, for each of 
a plurality of time periods; and 

using the majority and minority counts for the plurality of time periods to calculate a 
control value to set the frequency of a service clock at the destination node for use in receiving 
data packets. 

2. (Original) The method of claim 1, wherein determining a majority count and a minority 
count comprises counting values based on the two's complement of a difference between 
consecutive RTS values. 

3. (Original) The method of claim 1, wherein determining a majority count and a minority 
count includes counting the occurrence of three expected values. 

4. (Original) The method of claim 1, wherein determining a majority count and a minority 
count comprises determining a majority count and a minority count over four time periods. 
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5. (Original) The method of claim 4, wherein determining a majority count and a minority 
count over four time periods comprises determining a majority count and a minority count over 
2, 20, 200 and 2000 second time periods. 

6. (Original) The method of claim 1, wherein determining a majority count and a minority 
count over a plurality of time periods includes reading a plurality of counters every 2 seconds. 

7. (Original) The method of claim 1 , wherein using the majority and minority counts for the 
plurality of time periods to calculate a control value comprises: 

comparing calculations for the control value based on the majority and minority counts 
for the plurality of time periods; and 

selecting one of the calculated control values generated from the majority and minority 
counts from one of the time periods. 

8. (Original) The method of claim 7, wherein comparing calculations for the control value 
based on the majority and minority counts for the plurality of time periods comprises 
sequentially comparing calculations for the control value for a longest of the plurality of time 
periods with the control values for the other of the plurality of time periods. 

9. (Original) The method of claim 8, wherein selecting one of the calculated control values 
comprises selecting the control value for the longest of the plurality of time periods unless one 
of the control values of the other of the plurality of time periods is not within selected bounds 
of the control value of the longest of the plurality of time periods. 

10. (Original) The method of claim 1, and further monitoring the fill level of a buffer 
associated with the at least one port of the destination node to determine whether to adjust the 
frequency of the service clock. 
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1 1 . (Original) The method of claim 10, wherein: 

when the average fill level decreases over time, decreasing the frequency of the 
service clock at the destination node; and 

when the average fill level increases over time, increasing the frequency of the 
service clock at the destination node. 



12. (Original) The method of claim 1 0, wherein monitoring the fill level of the buffer 
comprises averaging the buffer fill level of each of the ports of the destination node for 
at least 10 seconds. 



1 3 . (Previously Presented) The method of claim 1 , using the majority and minority 
counts for the plurality of time periods to calculate a control value to set the frequency 
of a service clock at the destination node for use in receiving data packets comprises 
calculating an n-bit number, X, for a direct digital synthesis circuit using the following 
equation: 

X = ^— F(RTS') 

f REF 

wherein F(RTS f ) is a function that relates the frequency at the source node to the 
stored RTS values over a period of time. 

14. (Original) A method for synchronizing a service clock at a destination node in a 
packet switch network wherein packets are transmitted from a source node to a 
destination node and wherein the source node calculates and transmits residual time 
stamp (RTS) values in the data packets, the method comprising: 

removing RTS values from data packets at the destination node; and 
using RTS values over a plurality of time periods to set a direct digital synthesis 
circuit to act as the service clock for the destination node with a frequency that is 
substantially synchronized with a service clock at the source node. 
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15. (Original) The method of claim 14, wherein using RTS values over a plurality of 
time periods to set a direct digital synthesis circuit comprises determining a majority 
count and a minority count, based on the RTS values, over each of a plurality of time 
periods and using the majority and minority counts for the plurality of time periods to 
calculate a control value for the direct digital synthesis circuit. 

16. (Original) The method of claim 15, wherein using the majority and minority counts for 
the plurality of time periods to calculate a control value comprises: 

comparing calculations for the control value based on the majority and minority counts 
for the plurality of time periods; and 

selecting one of the calculated control values generated from the majority and minority 
counts from one of the time periods. 

17. (Original) The method of claim 16, wherein comparing calculations for the control value 
based on the majority and minority counts for the plurality of time periods comprises comparing 
calculations for the control value for a longest of the plurality of time periods with the control 
values for the other of the plurality of time periods. 

18. (Original) The method of claim 17, wherein selecting one of the calculated control 
values comprises selecting the control value for the longest of the plurality of time periods unless 
one of the control values of the other of the plurality of time periods is not within selected 
bounds of the control value of the longest of the plurality of time periods. 

19. (Original) The method of claim 14, wherein using the RTS values to set the direct digital 
synthesis circuit comprises generating an n-bit number and providing the n-bit number to the 
direct digital synthesis circuit. 

20. (Original) The method of claim 19, wherein the destination node calculates the value of 
the n-bit number using non-floating point calculations. 
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21 . (Original) The method of claim 14, and further monitoring the fill level of a buffer 
associated with the at least one port of the destination node to determine whether to adjust the 
frequency of the service clock. 

22. (Original) The method of claim 21, wherein: 

when the average fill level decreases over time, decreasing the frequency of the service 
clock at the destination node; and 

when the average fill level increases over time, increasing the frequency of the service 
clock at the destination node. 

23. (Original) The method of claim 21, wherein monitoring the fill level of the buffer 
comprises averaging the buffer fill level of each of the ports of the destination node for at least 
1 0 seconds. 

24. (Original) A system for recovering a service clock at a network node for circuit 
emulation service over a packet network, the system comprising: 

a direct digital synthesis circuit for each port that generates a local service clock signal for 
each port of the network node; 

a circuit, coupled to a port of the network node, that removes residual time stamp (RTS) 
values from data packets that are received at the port of the network node; 

a counting circuit that determines majority and minority counts based on the RTS values 
over a plurality of time periods; and 

a microcontroller that uses the majority and minority counts over the plurality of time 
periods to generate a number to set the frequency of the direct digital synthesis circuit. 

25. (Original) The system of claim 24, and further comprising a buffer associated with each 
port, wherein the microcontroller further monitors the fill level of the buffer to determine 
whether to adjust the frequency of the direct digital synthesis circuit for each port. 
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26. (Original) The system of claim 24, wherein the microcontroller compares calculations 
for the number for the direct digital synthesis circuit based on the majority and minority counts 
for the plurality of time periods and selects one of the calculated numbers generated from the 
majority and minority counts from one of the time periods. 

27. (Original) The system of claim 24, wherein the microcontroller reads values from the 
counting circuit every two seconds. 

28. (Original) The system of claim 24, wherein the microcontroller tracks majority and 
minority counts for four time periods. 

29. (Original) The system of claim 28, wherein the four time periods comprise 2, 20, 200, 
and 2000 seconds. 

30. (Original) The system of claim 24, wherein the counting circuit includes counters for 
each of three expected RTS values. 

3 1 . (Original) The system of claim 24, wherein the circuit that removes the residual time 
stamp values provides the two's complement of the difference between successive RTS values to 
the counting circuit. 

32. (Cancelled) 

33. (Currently amended) The method of claim 32, A method for service clock recovery, the 
method comprising: 

removing RTS values from data packets at the destination node; 

using the removed RTS values over a plurality of time periods to set the service clock for 
the destination node; and 
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wherein using the removed RTS values comprises using majority and minority counts 
based on RTS values over at least two time periods. 

34. (Currently amended) The method of claim 32, A method for service clock recovery, the 
method comprising: 

removing RTS values from data packets at the destination node; 

using the removed RTS values over a plurality of time periods to set the service clock for 
the destination node; and 

wherein using the removed RTS values comprises calculating a plurality of control signal 
based on RTS values received over a plurality of time periods and selecting one of the control 
signals to control the local service clock. 

35. (Cancelled) 

36. (Original) A network node coupleable to a packet network, the network node 
comprising: 

a packet disassembler having an input coupleable to the packet network; 

an overhead processor, coupled to the packet disassembler, that removes data and residual 
time stamp (RTS) values from data packets received at the input; 

a counting circuit, coupled to the overhead processor, that determines majority and 
minority counts based on the RTS values over a plurality of time periods; 

a data buffer, coupled to the overhead processor, that receives the data from the packets; 

a line interface unit, coupled to the data buffer; 

a direct digital synthesis circuit, coupled to the data buffer and the line interface unit, that 
generates a local service clock signal; and 

a microcontroller, responsive to the counting circuit, wherein the microcontroller uses the 
majority and minority counts from the counting circuit over the plurality of time periods to 
generate a number to set the frequency of the direct digital synthesis circuit. 
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37. (Original) The network node of claim 36, wherein the microcontroller is further 
responsive to a fill level of the data buffer to adjust the control signal provided to the direct 
digital synthesis circuit. 

38. (Original) The network node of claim 36, wherein the microcontroller uses the majority 
and minority counts over time periods of 2, 20, 200, and 2000 seconds to generate the control 
signal for the direct digital synthesis circuit. 

39. (Original) The network node of claim 36, wherein the microcontroller reads majority and 
minority counts from the counting circuit every 2 seconds. 

40. (Original) The network node of claim 36, wherein the microcontroller calculates control 
signals based on majority and minority counts for each of the plurality of time periods and 
selects one of the control signals to provide to the direct digital synthesis circuit. 

41. (Cancelled) 

42. (Previously Presented) A network node coupleable to a packet network, the network 
node comprising: 

a packet disassembler having an input coupleable to the packet network; 

an overhead processor, coupled to the packet disassembler, that removes data and residual 
time stamp (RTS) values from data packets received at the input; 

a counting circuit, coupled to the overhead processor, that produces at least two counts 
based on the RTS values for a plurality of time periods; 

a data buffer, coupled to the overhead processor, that receives the data from the packets; 

a line interface unit, coupled to the data buffer; 

a direct digital synthesis circuit, coupled to the data buffer and the line interface unit, that 
generates a local service clock signal; and 
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a microcontroller, responsive to the counting circuit, wherein the microcontroller uses the 
at least two counts from the counting circuit for the plurality of time periods to generate at least 
two control values to set the frequency of the direct digital synthesis circuit, selects one of the at 
least two control values, and provides the selected control 
value to the direct digital synthesis circuit. 

43. (Original) A method for clock recovery in a packet network, the method comprising: 
receiving data packets at a destination node; 

storing data from the data packets in a buffer; 

reading the data packets out of the buffer using a locally generated clock; 

monitoring a fill level of the buffer over a plurality of time periods; 

identifying a relative maximum fill level for the buffer during each time period; and 

selectively using the relative maximum fill levels for the plurality of time periods to 
control a frequency of the locally generated clock so as to control the rate at which data is read 
out of the buffer. 

44. (Original) The method of claim 43, wherein selectively using the relative maximum fill 
level comprises selecting a control signal based on the maximum buffer fill level of one of the 
plurality of time periods. 

45. (Original) The method of claim 43, wherein selectively using the relative maximum fill 
level comprises: 

comparing calculations for the control value based on the relative maximum buffer fill 
level for the plurality of time periods; and 

selecting one of the calculated control values generated from the relative maximum buffer 
fill level from one of the time periods. 

46. (Original) The method of claim 45, wherein comparing calculations for the control value 
based on the relative maximum buffer fill level for the plurality of time periods comprises 
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comparing calculations for the control value for a longest of the plurality of time periods with the 
control values for the other of the plurality of time periods. 

47. (Original) The method of claim 45, wherein selecting one of the calculated control 
values comprises selecting the control value for the longest of the plurality of time periods unless 
one of the control values of the other of the plurality of time periods is not within selected 
bounds of the control value of the longest of the plurality of time periods. 

48. (Original) The method of claim 43, wherein monitoring a fill level of the buffer 
comprises monitoring a difference between a read address and a write address of the buffer. 

49. (Original) A node in a telecommunications network, comprising; 

a buffer having an input that is adapted to receive data packets from another node; 

a peak fill level detector, responsive to address signals for the buffer, wherein the peak fill 
level detector includes a register that stores relative peak fill levels acquired during a plurality of 
time periods; 

a variable oscillator coupled to the buffer that controls the rate at which data is processed 
in the node; and 

a processor coupled to the peak fill level detector, wherein the processor receives the 
relative peak fill levels from the register and uses the relative peak fill levels for the plurality of 
time periods to generate a control value that selectively adjusts the variable oscillator. 

50. (Original) The node of claim 49, wherein the peak fill level detector includes a register 
that is continuously updated over a period of time with a relative maximum buffer fill level. 

51 . (Original) The node of claim 49, wherein the peak fill detector comprises a mechanism 
that compares a read address and a write address for the buffer and stores the maximum buffer 
fill level observed over a period of time. 
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52. (Original) The node of claim 49, wherein the variable oscillator comprises a numerically 
controlled oscillator. 

53. (Original) The node of claim 49, wherein the processor is programmed to implement a 
method for selectively using the relative peak fill levels, the method comprising: 

comparing calculations for the control value based on the relative peak fill level for the 
plurality of time periods; and 

selecting one of the calculated control values generated from the relative peak fill level 
from one of the time periods. 

54. (Original) The node of claim 53, wherein comparing calculations for the control value 
based on the relative peak fill level for the plurality of time periods comprises comparing 
calculations for the control value for a longest of the plurality of time periods with the control 
values for the other of the plurality of time periods. 

55. (Original) The node of claim 54, wherein selecting one of the calculated control values 
comprises selecting the control value for the longest of the plurality of time periods unless one of 
the control values of the other of the plurality of time periods is not within selected bounds of the 
control value of the longest of the plurality of time periods. 

56. (Cancelled) 

57. (Currently amended) The method of claim 56„ A method for adaptive clock recovery, the 
method comprising: 

monitoring a buffer fill level for a plurality of time periods; 

identifying a relative maximum fill level during the plurality of time periods; 

controlling the frequency of a recovered clock signal based on the relative maximum fill 
levels for the plurality of time periods such that the recovered clock signal is substantially free of 
jitter; and 
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wherein controlling the frequency of the recovered clock signal comprises: 

determining a rate of change in the relative maximum fill level for each time 
period; and 

calculating a numerical value for a numerically controlled oscillator to 
compensate for the rate of change for a selected time period. 

58. (Currently amended) The method of claim 56, A method for adaptive clock recovery, the 
method comprising: 

monitoring a buffer fill level for a plurality of time periods; 

identifying a relative maximum fill level during the plurality of time periods; 

controlling the frequency of a recovered clock signal based on the relative maximum fill 
levels for the plurality of time periods such that the recovered clock signal is substantially free of 
jitter; and 

wherein controlling the frequency of the recovered clock signal comprises: 

comparing calculations for a control value based on the relative maximum fill 

level for the plurality of time periods; and 

selecting one of the calculated control values generated from the relative 

maximum fill level from one of the time periods. 



59. to 63. (Cancelled) 
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REMARKS 

Applicant has reviewed the Final Office Action mailed on November 28, 2005 as well as 
the art cited. Claims 32, 35, 56, 59, and 60 have been cancelled. Applicant retains the right to 
reintroduce the cancelled claims in a continuation application. As a result, claims 1-31, 33, 34, 
36-40, 42-55, 57, and 58 are pending in this application. 



Rejections Under 35 U.S.C £ 102 
Claim 32 was rejected under 35 USC § 102(b) as being anticipated by Upp et aL, (U.S. 
Patent No. 5,608,731). Applicant has cancelled claim 32 to further prosecution of the 
application. As stated above, Applicant retains the right to reintroduce claim 32 in a continuation 
application. 



Claim 56 was rejected under 35 USC § 102(e) as being anticipated by Jay et al., (U.S. 
Patent No. 6,400,683). Applicant has cancelled claim 56 to further prosecution of the 
application. As stated above, Applicant retains the right to reintroduce claim 56 in a continuation 
application. 



Rejections Under 35 U.S.C. $ 103 
Claim 35 was rejected under 35 USC § 103(a) as being unpatentable over Upp et al. (U.S. 
Patent No. 5,608,73 1) in view of Muntz et al. (U.S. Patent No. 5,896,427). Applicant has 
cancelled claim 35 to further prosecution of the application. As stated above, Applicant retains 
the right to reintroduce claim 35 in a continuation application. 
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Allowable Subject Matter 
Applicant thanks the Examiner for indicating that claims 1-31, 36-40, and 42-55 were 
allowed. 

Claims 33-34 and 57-60 were objected to as being dependent upon a rejected base claim, 
but were indicated to be allowable if rewritten in independent form including all of the 
limitations of the base claim and any intervening claims. Applicant respectfully submits that 
amended claims 33, 34, 57, and 58 are in condition for allowance. Claims 59 and 60 have been 
cancelled to further prosecution of the application. As stated above, Applicant retains the right to 
reintroduce claims 59 and 60 in a continuation application. 
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CONCLUSION 

Applicant respectfully submits that claims 1-31, 33, 34, 36-40, 42-55, 57, and 58 are in 
condition for allowance, and notification to that effect is earnestly requested. If necessary, please 
charge any additional fees or credit overpayments to Deposit Account No. 502432. 

If the Examiner has any questions or concerns regarding this application, please contact 
the undersigned at the telephone number listed below. 



Attorneys for Applicant 
Fogg and Associates, LLC 
P.O. Box 581339 
Minneapolis, MN 55458-1339 
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At block 212, the method determines whether the value 
X 200 for the two hundred second window is within 2 parts 
per billion (PPB) of the value X 

2ooo- ^ n °t? then there has 
been sufficient change to adjust the direct digital synthesis 
circuit based on the value X 200 at block 214. f, however, the 5 
value for X 200 is within the specified limit of the value for 
X 2000 , then the method proceeds to block 216 and uses the 
value for X 2000 . 

The method ends at block 206. 



CONCLUSION 

Although specific embodiments have been illustrated and 
described herein, it will be appreciated by those of ordinary 
skill in the art that any arrangement which is calculated to 15 
achieve the same purpose may be substituted for the specific 
embodiment shown. This application is intended to cover 
any adaptations or variations of the present invention. For 
example, the service clock recovery technique can be used 
for other services, e.g., El and other conventional continu- 20 
ous bit rate services, and this application is not limited to use 
with Tl service. In other embodiments, RTS values are used 
in conjunction with peak buffer fill levels. In other embodi- 
ments, the number of time periods used to monitor the 
control signals for the recovered clock varies from the 2, 20, 25 
200, and 2000 second time periods described here. Further, 
in other embodiments, the microcontroller uses other appro- 
priate comparisons, e.g., different acceptable ranges, among 
the calculations for the various time windows to select the 
control signal used to control the local clock. 30 

What is claimed is: 

1. A method for synchronizing a service clock at a 
destination node with a service clock at a source node for 
circuit emulation service over a packet network, the method 35 
comprising: 

receiving data packets from a source node at at least one 

port of the destination node; 
at the destination node, removing from the data packets 

residual time stamp (RTS) values that were created at 40 

the source node based on at least the service clock at the 

source node; 

determining a majority count and a minority count, based 
on the RTS values, for each of a plurality of time 
periods; and 

using the majority and minority counts for the plurality of 
time periods to calculate a control value to set the 
frequency of a service clock at the destination node for 
use in receiving data packets. 

2. The method of claim 1, wherein determining a majority 
count and a minority count comprises counting values based 
on the two's complement of a difference between consecu- 
tive RTS values. 

3. The method of claim 1, wherein determining a majority 55 
count and a minority count includes counting the occurrence 
of three expected values. 

4. The method of claim 1, wherein determining a majority 
count and a minority count comprises determining a major- 
ity count and a minority count over four time periods. 60 

5. The method of claim 4, wherein determining a majority 
count arid a minority count over four time periods comprises 
determining a majority count arid a minority count over 2, 
20, 200 and 2000 second time periods. 

6. The method of claim 1, wherein determining a majority 65 
count and a minority count over a plurality of time periods 
includes reading a plurality of counters every 2 seconds. 



7. The method of claim 1, wherein using the majority and 
minority counts for the plurality of time periods to calculate 
a control value comprises: 

comparing calculations for the control value based on the 
majority and minority counts for the plurality of time 
periods; and 

selecting one of the calculated control values generated 
from the majority and minority counts from one of the 
time periods. 

8. The method of claim 7, wherein comparing calculations 
for the control value based on the majority and minority 
counts for the plurality of time periods comprises sequen- 
tially comparing calculations for the control value for a 
longest of the plurality of time periods with the control 
values for the other of the plurality of time periods. 

9. The method of claim 8, wherein selecting one of the 
calculated control values comprises selecting the control 
value for the longest of the plurality of time periods unless 
one of the control values of the other of the plurality of time 
periods is not within selected bounds of the control value of 
the longest of the plurality of time periods. 

10. The method of claim 1, and further monitoring the fill 
level of a buffer associated with the at least one port of the 
destination node to determine whether to adjust the fre- 
quency of the service clock. 

11. The method of claim 10, wherein: 

when the average fill level decreases over time, decreas- 
ing the frequency of the service clock at the destination 
node; and 

when the average fill level increases over time, increasing 
the frequency of the service clock at the destination 
node. 

12. The method of claim 10, wherein monitoring the fill 
level of the buffer comprises averaging the buffer fill level 
of each of the ports of the destination node for at least 10 
seconds. 

13. The method of claim 1, using the majority and 
minority counts for the plurality of time periods to calculate 
a control value to set the frequency of a service clock at the 
destination node for use in receiving data packets comprises 
calculating an n-bit number, X, for a direct digital synthesis 
circuit using the following equation: 



45 



50 



X = FORTS') 

JREF 



wherein F(RTS') is a function that relates the frequency at 
the source node to the stored RTS values over a period 
of time. 

14. A method for synchronizing a service clock at a 
destination node in a packet switch network wherein packets 
are transmitted from a source node to a destination node and 
wherein the source node calculates and transmits residual 
time stamp (RTS) values in the data packets, the method 
comprising: 

removing RTS values from data packets at the destination 
node; and 

using RTS values over a plurality of time periods to set a 
direct digital synthesis circuit to act as the service clock 
for the destination node with a frequency that is sub- 
stantially synchronized with a service clock at the 
source node. 

15. The method of claim 14, wherein using RTS values 
over a plurality of time periods to set a direct digital 
synthesis circuit comprises determining a majority count and 
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a minority count, based on the RTS values, over each of a 
plurality of time periods and using the majority and minority 
counts for the plurality of time periods to calculate a control 
value for the direct digital synthesis circuit. 

16. The method of claim 15, wherein using the majority 5 
and minority counts for the plurality of time periods to 
calculate a control value comprises: 

comparing calculations for the control value based on the 
majority and minority counts for the plurality of time 
periods; and 10 

selecting one of the calculated control values generated 
from the majority and minority counts from one of the 
time periods. 

17. The method of claim 16, wherein comparing calcu- 
lations for the control value based on the majority and 15 
minority counts for the plurality of time periods comprises 
comparing calculations for the control value for a longest of 
the plurality of time periods with the control values for the 
other of the plurality of time periods. 

18. The method of claim 17, wherein selecting one of the 20 
calculated control values comprises selecting the control 
value for the longest of the plurality of time periods unless 
one of the control values of the other of the plurality of time 
periods is not within selected bounds of the control value of 
the longest of the plurality of time periods. 25 

19. The method of claim 14, wherein using the RTS 
values to set the direct digital synthesis circuit comprises 
generating an n-bit number and providing the n-bit number 
to the direct digital synthesis circuit. 

20. The method of claim 19, wherein the destination node 30 
calculates the value of the n-bit number using non-floating 
point calculations. 

21. The method of claim 14, and further monitoring the 
fill level of a buffer associated with the at least one port of 
the destination node to determine whether to adjust the 
frequency of the service clock. 

22. The method of claim 21, wherein: 

when the average fill level decreases over time, decreas- 
ing the frequency of the service clock at the destination 
node; and 

when the average fill level increases over time, increasing 
the frequency of the service clock at the destination 
node. 

23. The method of claim 21, wherein monitoring the fill 45 
level of the buffer comprises averaging the buffer fill level 

of each of the ports of the destination node for at least 10 
seconds. 

24. A system for recovering a service clock at a network 
node for circuit emulation service over a packet network, the 5Q 
system comprising: 

a direct digital synthesis circuit for each port that gener- 
ates a local service clock signal for each port of the 
network node; 

a circuit, coupled to a port of the network node, that 55 
removes residual time stamp (RTS) values from data 
packets that are received at the port of the network 
node; 

a counting circuit that determines majority and minority 
counts based on the RTS values over a plurality of time 60 
periods: and 

a microcontroller that uses the majority and minority 
counts over the plurality of time periods to generate a 
number to set the frequency of the direct digital syn- 
thesis circuit. 65 

25. The system of claim 24, and further comprising a 
buffer associated with each port, wherein the microcontrol- 
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ler further monitors the fill level of the buffer to determine 
whether to adjust the frequency of the direct digital synthesis 
circuit for each port. 

26. The system of claim 24, wherein the microcontroller 
compares calculations for the number for the direct digital 
synthesis circuit based on the majority and minority counts 
for the plurality of time periods and selects one of the 
calculated numbers generated from the majority and minor- 
ity counts from one of the time periods. 

27. The system of claim 24, wherein the microcontroller 
reads values from the counting circuit every two seconds. 

28. The system of claim 24, wherein the microcontroller 
trucks majority and minority counts for four time periods. 

29. The system of claim 28, wherein the four time periods 
comprise 2, 20, 200, and 2000 seconds. 

30. The system of claim 24, wherein the counting circuit 
includes counters for each of three expected RTS values. 

31. The system of claim 24, wherein the circuit that 
removes the residual time stamp values provides the two's 
complement of the difference between successive RTS val- 
ues to the counting circuit. 

32. A method for service clock recovery, the method 
comprising: 

removing residual time stamp (RTS) values from data 

packets at the destination node; 
using the removed RTS value over a plurality of time 

periods to set the service clock for the destination node; 

and 

wherein using the removed RTS values comprises using 
majority and minority counts based on RTS values over 
at least two time periods. 

33. A method for service clock recovery, the method 
comprising: 

removing residual time stamp (RTS) values from data 

packets at the destination node; 
using the removed RTS values over a plurality of time 

periods to set the service clock for the destination node; 

and 

wherein using the removed RTS values comprises calcu- 
lating a plurality of control signal based on RTS values 
received over a plurality of time periods and selecting 
one of the control signals to control the local service 
clock. 

34. A network node coupleable to a packet network, the 
network node comprising: 

a packet disassembler having an input coupleable to the 
packet network; 

an overhead processor, coupled to the packet disassem- 
bler, that removes data and residual time stamp (RTS) 
values from data packets received at the input; 

a counting circuit, coupled to the overhead processor, that 
determines majority and minority counts based on the 
RTS values over a plurality of time periods; 

a data buffer, coupled to the overhead processor, that 
receives the data from the packets; 

a line interface unit, coupled to the data buffer; 

a direct digital synthesis circuit, coupled to the data buffer 
and the line interface unit, that generates a local service 
clock signal; and 

a microcontroller, responsive to the counting circuit, 
wherein the microcontroller uses the majority and 
minority counts from the counting circuit over the 
plurality of time periods to generate a number to set the 
frequency of the direct digital synthesis circuit. 
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35. The network node of claim 34, wherein the micro- 
controller is further responsive to a fill level of the data 
buffer to adjust the control signal provided to the direct 
digital synthesis circuit. 

36. The network node of claim 34, wherein the micro- 5 
controller reads the majority and minority counts overtime 
periods of 2, 20, 200, and 2000 seconds to generate the 
control signal for the direct digital synthesis circuit. 

37. The network node of claim 34, wherein the micro- 
controller reads majority and minority counts from the 10 
counting circuit every 2 seconds. 

38. The network node of claim 34, wherein the micro- 
controller calculates control signals based on majority and 
minority counts for each of the plurality of time periods and 
selects one of the control signals to provide to the direct 15 
digital synthesis circuit. 

39. A network node coupleable to a packet network, the 
network node comprising: 

a packet disassembler having an input coupleable to the 
packet network; 20 

an overhead processor, coupled to the packet disassem- 
bler, that removes data and residual time stamp (RTS) 
values from data packets received at the input; 

a counting circuit, coupled to the overhead processor, that 
produces at least two counts based on the RTS values 25 
for a plurality of time periods; 

a data buffer, coupled to the overhead processor, that 
receives the data from the packets; 

a line interface unit, coupled to the data buffer; 

a direct digital synthesis circuit, coupled to the data buffer 
and the line interface unit, that generates a local service 
clock signal; and 

a microcontroller, responsive to the counting circuit, 
wherein the microcontroller uses the at least two counts 
from the counting circuit for the plurality of time 
periods to generate at least two control values to set the 
frequency of the direct digital synthesis circuit, selects 
one of the at least two control values, and provides the 
selected control value to the direct digital synthesis 
circuit. 

40. A method for clock recovery in a packet network, the 
method comprising: 

receiving data packets at a destination node; 

storing data from the data packets in a buffer; 45 

reading the data packets out of the buffer using a locally 

generated clock; 
monitoring a fill level of the buffer over a plurality of time 

periods; 

identifying a relative maximum fill level for the buffer 50 
during each time period; and 

selectively using the relative maximum fill levels for the 
plurality of time periods to control a frequency of the 
locally generated clock so as to control the rate at which 
data is read out of the buffer. 55 

41. The method of claim 40, wherein selectively using the 
relative maximum fill level comprises selecting a control 
signal based on the maximum buffer fill level of one of the 
plurality of time periods. 

42. The method of claim 40, wherein selectively using the 60 
relative maximum fill level comprises: 

comparing calculations for the control value based on the 

relative maximum buffer fill level for the plurality of 

time periods; and 
selecting one of the calculated control values generated 65 

from the relative maximum buffer fill level from one of 

the time periods. 
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43. The method of claim 42, wherein comparing calcu- 
lations for the control value based on the relative maximum 
buffer fill level for the plurality of time periods comprises 
comparing calculations for the control value for a longest of 
the plurality of time periods with the control values for the 
other of the plurality of time periods. 

44. The method of claim 42, wherein selecting one of the 
calculated control values comprises selecting the control 
value for the longest of the plurality of time periods unless 
one of the control values of the other of the plurality of time 
periods is not within selected bounds of the control value of 
the longest of the plurality of time periods. 

45. The method of claim 43, wherein monitoring a fill 
level of the buffer comprises monitoring a difference 
between a read address and a write address of the buffer. 

46. Anode in a telecommunications network, comprising; 
a buffer having an input that is adapted to receive data 

packets from another node; 

a peak fill level detector, responsive to address signals for 
the buffer, wherein the peak fill level detector includes 
a register that stores relative peak fill levels acquired 
during a plurality of time periods; 

a variable oscillator coupled to the buffer that controls the 
rate at which data is processed in the node; and 

a processor coupled to the peak fill level detector, wherein 
the processor receives the relative peak fill levels from 
the register and uses the relative peak fill levels for the 
plurality of time periods to generate a control value that 
selectively adjusts the variable oscillator. 

47. The node of claim 46, wherein the peak fill level 
detector includes a register that is continuously updated over 
a period of time with a relative maximum buffer fill level. 

48. The node of claim 46, wherein the peak fill detector 
comprises a mechanism that compares a read address and a 
write address for the buffer and stores the maximum buffer 
fill level observed over a period of time. 

49. The node of claim 46, wherein the variable oscillator 
comprises a numerically controlled oscillator. 

50. The node of claim 46, wherein the processor is 
programmed to implement a method for selectively using 
the relative peak fill levels, the method comprising: 

comparing calculations for the control value based on the 
relative peak fill level for the plurality of time periods; 
and 

selecting one of the calculated control values generated 
from the relative peak fill level from one of the time 
periods. 

51. The node of claim 50, wherein comparing calculations 
for the control value based on the relative peak fill level for 
the plurality of time periods comprises comparing calcula- 
tions for the control value for a longest of the plurality of 
time periods with the control values for the other of the 
plurality of time periods. 

52. The node of claim 51, wherein selecting one of the 
calculated control values comprises selecting die control 
value for the longest of the plurality of time periods unless 
one of the control values of the other of the plurality or time 
periods is not within selected bounds of the control value of 
the longest of the plurality of time periods. 

53. A method for adaptive clock recovery, the method 
comprising: 

monitoring a buffer fill level for a plurality of time 
periods; 

identifying a relative maximum fill level during the plu- 
rality of time periods; 

controlling the frequency of a recovered clock signal 
based on the relative maximum fill levels for the 
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plurality of time periods such that the recovered clock 
signal is substantially free of jitter; and 
wherein controlling the frequency of the recovered clock 
signal comprises: 

determining a rate of change in the relative maximum 5 

fill level for each time period; and 
calculating a numerical value for a numerically con- 
trolled oscillator to compensate for the rate of change 
for a selected time period. 
54. A method for adaptive clock recovery, the method 10 
comprising: 

monitoring a buffer fill level for a plurality of time 
periods; 

identifying a relative maximum fill level during the plu- 
rality of time periods; 
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controlling the frequency of a recovered clock signal 
based on the relative maximum fill levels for the 
plurality of time periods such that the recovered clock 
signal is substantially free of jitter; and 

wherein controlling the frequency of the recovered clock 
signal comprises: 

comparing calculations far a control value based on the 
relative maximum fill level for the plurality of time 
periods; and 

selecting one of the calculated control values generated 
from the relative maximum fill level from one of the 
time periods. 



